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METHODS AND COMPOSITIONS FOR ACTIVATING 
OR INHIBITING VEGF-D AND VEGF-C 

FIELD OF THE INVENTION 

[0001] This invention relates to methods for activating endothelial growth fectois, and in 
particular to methods for activating vascular endotiielial growth factor D and vascular 
endothelial growth fector C with plasmin. The invention also relates to methods and assays 
for identifying activation and/or inhibition factors for said endothelial growth factors, 
including VEGF-D and VEGF-C. 

B ACKGROPND OF THE INVENTION 

[00021 Angiogenesis is a fundamental process required for normal growth and 
develofanent of tissues, and involves the proliferation of new capillaries fiom pre-existing 
blood vessels. Angiogenesis is not only involved in embryonic development and normal 
tissue growth, repair, and regeneration, but is also involved in the female reproductive cycle, 
establishment and maintenance of pregnancy, and in rqpair of wounds and fractures. In 
addition to angiogenesis which takes place in the normal individual, angiogenic events are 
involved in a number of pathological processes, notably tumor growth and metastasis, and 
other conditions in which blood vessel proliferation, eq)ecially of the microvascular system, 
is increased, such as diabetic retinopathy, psoriasis, and arthropathies. Inhibition of 
angiogenesis is useful in prevrating or alleviating these pathological processes. 

[0003] On the other hand, promotion of angiogenesis is desirable in situations where 
vascularization is to be established or extended, for example after tissue or organ 
transplantation, or to stimulate establishment of collateral circulation in tissue infarction or 
arterial stenosis, such as in coronary heart disease and tfaromboan^tis obliterans. 

[0004] Because of the crucial role of angiogenesis in so many physiological and 
pathological processes, factors involved in the control of angiogenesis have been intensively 
investigated. A number of growth factors have been shown to be involved in flie regulation 
of angiogenesis; tiiese include fibroblast growth factors (FGFs), platelet-derived growth 
fector (PDGF), transforming growth fector a (TGFa), and hqpatocyte growfli fector (HGF). 
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See, for example, FoDanan et al, "Angiogeaesis", 1 Biol Chem., 267: 10931-10934, 1992, 
foraieview. 

[0005] It has been suggested that a particular family of CTdothelial cell-specific growth 
&ctois and their corresponding receptors is primarily responsible for stimulation of 
endotfielial cell growth and diffeimtiation, and for certain functions of the diffo^entiated 
cells. These factors are members of the PDGF fiemoily, and s^pear to act via endothelial 
receptor tyrosine kinases (KTKs). At least four vascular eiidothelial growth fictor subtypes 
have been identified. 

[0006] Vascular endothelial growth fector (VEGF), now known as VEGF-A, has been 
isolated from several sources. VEGF-A shows higjily specific mitogenic activity on 
endothelial cells, and can stimulate the whole sequence of events leading to angiogenesis. Jn 
addition, it has stiong chemoattractant activity towards monocytes, can induce plasminogen 
activator and plasminogen activator inhibitor in CTdothelial cells, and can also influence 
miciovascular permeability. Because of the latter activity, it is also sometimes referred to as 
vascular permeability fector (VPF). The isolation and properties of VEGF have been 
reviewed; see Feirara ei al^ *The Vascular Endothelial Growth Factor Family of 
Polypeptides^ Cell Biochem., 47: 211-218, 1991, and ConnoUy, •'Vascular Permeability 
FactOT: A Unique Regulator of Blood Vessel Function", J. Cellular Biochem., 47: 219-223, 
1991. 

[0007] More recently, three further members of the VEGF family have been identified. 
These are designated VEGF-B, described in Xntemational Patent Application No. 
PCTAJS96/02957 (WO 96/26736) by Ludwig Institute for Cancer Reseach and The 
University of Helsinki, VEGF-C, described in Joukov et al, EMBO J., 1996 15: 290-298, and 
VEO^, described in International Patent Application No. PCT/US94/05291 (WO 95/24473) 
by Human Genome Sciences, Inc. VEGF-B has closely similar angiogenic and other 
properties to those of VEGF, but is distributed and expressed in tissues diffei^ently fiom 
VEGF. In particular, VEGF-B is very stn)nglye3qpressed in heart, and o^^ 
whereas the reverse is tiie case for VEGF. This suggests that VEGF and VEGF^, de^ite the 
fact that they are co-e)q)ressed in many tissues, may have fimctional d^erences. 

[0008] VEGF-B was isolated using a yeast co-hybrid interaction tr^ screening 
technique, screening for cellular proteins which might interact with cellular retinoic acid- 



wo 2004/009773 



PCT/US2003/022521 



binding piotem type I (OlABP-I). Its isolation and characteristics are described in detail in 
PCTAJS96/02597 and in Olofeson et oL, Prvc. Natl Acad. Sci., 1996 93: 2576-2581, 

[0009] VEGF-C was isolated from conditioned media of PC-3 prostate adenocarcinoma 
cell line (CRL1435) by screening for ability of the medium to produce tyrosine 
phosphorylation of the endotiielial cell-specific receptor tyrosine kmase Flt-4, usmg cells 
transfected to express Flt-4, VEGF-C was purified using aflBnity chromatography with 
recombmant Flt-4, and was cloned from a PC-3 cDNA library. Its isolation and 
characteristics are described m detail in Joukov et al., EMBO 290-298, 1996. 

[0010] VEGF-C is synfliesized as a preproprotem in which flie receptor binding VEGF 
homology domain (VHD) is flanked by amino- and carboxyl-terminal prppq>tides. 
Biosynthesis of the mature VHD involves proteolytic removal of the propeptides and results 
in greatly increased aflBnity of flie VHD for VEGFR-2 and VEGFR-3 relative to flie 
unprocessed, ML length form (Joukov et al (1997) EMBO 16: 3898-3911). Therefore, 
proteolytic processing activates VEGF-C. It has been suggested fliat VEGF-C may have a 
primary function in lymphatic endotiielium, and a secondary fimction in angiogenesis and 
pemieability regulation which is shared wifli VEGF (Joukov et al, EMBO J., 1996 15: 290- 
298). . 

[0011] VEGF2 was isolated from a hi^y tumorgenic, estrogen-independent human 
breast cancer cell line. While this molecule is stated to have about 22% homology to PDGF 
and 30% homology to VEGF, flie mefliod of isolation of flie gene encoding WEGFl was 
unclear, and no characterization of the biological activity was disclosed. 

[0012] Vascular endothelial growth factors appear to act by binding to receptor tyrosine 
kinases of the PDGF-recqptor femily. Five endothelial cell-specific receptor tyrosine kinases 
have been identified, namely Flt-1 (VEGFR-1), KDRyPIk-l (VEGFR-2), Flt^ (VEGER.3), 
Tie, and Tek/lie-2. All of fliese have flie intrinsic tyrosine kinase activity necessary for 
signal transduction. 

[0013] The specific role in vasculogenesis and angiogenesis of Flt-1, FIk-1, Tie, and 
Tek/Tie-2 has been demonstrated by targeted mutations inactivating these recq)tors in mouse 
embryos. 
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100141 VE(a?R-l and VEGFR-2 bind VEGF with higji affinity, and VEGFR-1 also binds 
VEGF-B and placenta growth factor QflGF). VEGF-C has been shown to be tbe ligand for 
Flt-4 (VBGFR-3), and also activates VBCTR-2 (Joukov et aL, EMBOJ., 15: 290-298, 1996). 
A ligand for Tek/Tie-2 has been described (Memational Patent Application No. 
PCT/US95/12935 (WO 96/11269) by Regeneron Phaimaceoticals, Inc.); however, the ligand 
for lie has not yet been identified. 

[0015] The receptor Flt-4 is expressed in venous and lymphatic endothelia in the fetus, 
and predominantly in lymphatic endothelia in the adult (Kaipainen et a/.. Cancer Res., 1994 
54: 6571-6577; Proc Nad. Acad. ScL USA, 92: 3566-3570, 1995). 

[00161 Vascular endothelial growth factor-D (VEGF-D) is a secreted glycoprotein that 
binds and activates VEGF receptor-2 (VEGFR-2) and VEGFR-3 (Achen et aL, Proc. Natl. 
Acad. ScL USA 95: 548-553, 1998), cell surfece receptor tyrosiiifi kinases expressed 
predominantly on blood vascular and lyn^hatic endothelia respectively (for review see 
Stacker et al, FASEB J. 16: 922-934, 2002). VEGFR-3 signals for lymphangiogenesis 
(growth of lymphatic vessels) (VdkkoU et al., EMBO J. 20: 1223-1231, 2001) wbaxas 
VEGFR-2 is thougjht to signal for angiogenesis (growth of blood vessels). As would be 
expected given the receptor specificity of human VEGF-D, this growth factor stimulates both 
angiogenesis and lymphangiogenesis ^yzova et aL, Blood 99: 4434-4442, 2002; Veikkola et 
al, EMBO J. 20: 1223-1231, 2001; Marcondni et aL, Proc. Nad. Acad ScL USA 96: 9671- 
9676, 1999). 

[00171 Inq)ortantty, VEGF-D stimulated tumor angiogoiesis that oihanced solid tumor 
growtii and induced lyn^jhangiogenesis that promoted metastatic spread of tumor cells to the 
lynq)hatics and lymph nodes (Stacker et aL, Nature Med. 7: 186-191, 2001). Recently, 
VEGF-D expression was lepatted to be an mdependent prognostic fiictor for both overall and 
disease-fiee survival in colorectal cancer (White et aL, Cancer Res. 62: 1669-1675, 2002). 

[0018] VEGF-D is secreted fix)m die cell m a relatively inactive form containing an N- 
teimmal propeptide, a C-temnnal propeptide, and a central VEGF homology domain 
("VHD") containing flie Wnding sites for VEGFR-2 and VEGFR-3 (Achen, M. G, M. 
Jeltsdi. E. Kukk, T. MSkinen, A. Vitah, A. E Wilks, K. AHtalo, and S. A.Stacker. 1998. 
Vascular endotiieUal growfli fector D (VEGF-D) is a ligand for flie tyrosme kinases VEGF 
receptor 2 (FDc-l) and VEOF receptor 3 (Flt-4). Proc. Natl. Acad. ScL USA95:548-553, 
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Joukov, v., T. Sorsa, V. Kmnai; M. Jeltsch, L. Qaesson-Welsli, Y. Cao, O. Saksela, 
N-Kallddnen, and K. AKtalo, 1997. Proteolytic processing regulates receptor specificity and 
activity of VEGF-C. EMBO J. 16:3898-3911, and Stacker et a/., J. Biol Chem. 274: 32127- 
32136, 1999). Subsequraitly, tiie propeptides are proteolytically cleaved &am tiie VHD to 
generate a mature form, consisting of dimers of the VHD, that binds VEGFR-2 and VBGER- 
3 with high aflBnity. The affinities of the mature form for VEGER-2 and VEGFR-3 are 
approximately 290-fold and 40-fold greater, respectively, than those of the unprocessed form 
(Stacker et al, 1999, supra). 

[0019] Therefore, proteolytic processing of botti VEGF-D and VEGF-C is a mechanism 
for activating the growth factors. The proteases involved in this activation process, however, 
were unknown. This activation may also be involved in various biological processes, 
including modulating protein localization, bioavailability, and receptor specificity. These 
processes, in tum, may be associated with various diseases. Selective inhibition and/or 
activation of these processes and activators thereof will provide treatment options for patients 
in need thereof. 

[0020] A provisional matrix is known to play a key role in angiogenesis. The provisional 
matrix serves as substrate for adhesion, migration and invasion of endothelial cells, and is 
also essential for endodielial cell survival. The provisional matrix is continuously generated 
and broken down, a process known as remodeling, until a new vessel is properly formed. 

[0021] Remodeling of the provisional matrix is highly regulated throu^ the balanced 
action of numerous molecules. Plasmin, a serine protease formed through activation of its 
zymogen plasminogen, plays a kqr role by mediating degradation of tiie provisional matrix. 
Because of its critical role in the remodeling process of the provisional matrix, plasmin level 
is tightly controlled through an intricate coordination between plasminogen activators, 
plasminogen activator inhibitors and plasmin mhibitors, see e.g. Intemational Patent 
AppUcation WO 01/62799 A2. 

SUMMARY OFTHE INVENTION 

[0022] The presmt invention for tiie first time identifies a protease capable of activating 
lymphangiogenic growth factors. In one embodiment, the present invention provides a 
method for activating at least one vascular endothelial growth factor selected from the group 
consisting of VEGF-C and VEGF-D, comprising treatmg said at least one vascular 
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endothelial growth factor with a serine protease. Preferably, the serine protease is plasmin. 
The at least one vascular endothelial growth &ctor may be in an iii9>rocessed form or a 
partially processed form. 

[0023] Li another embodimeat, the present invention provides a method for screening for 
a protease that activates at least one of VEGF-C or VEGF-D, wherein said VEGF-D has at 
least one of a C-propeptide or an N-propeptide, the method comprising treating at least one of 
VEGF-C or VEGF-D with a candidate protease, and detecting VHD, wherem tiie detection of 
VHD indicates that the candidate protease is cq>able of activating VEGF-C or VEGF-D. 

[0024] In a further embodiment, a method is provided for identifying inhibitors of 
activation of at least one VEGF-C or VEGF-D by plasmiiL The method comprises admixing 
at least one of VEGF-C or VEGF-D with a candidate substance and plasmin, dnd measuring 
inhibition of release of VHD fiom the at least one of VEGF-C or VEGF-D. Preferably, the 
method &rther comprises testing whether said candidate substance inhibits degradation of 
another substrate of plasmin other than VEGF-C or VEGF-D, whereby a substance that 
inhibit release of VHD by plasmin but not degradation of the other substrate indicates that 
said substance is an inhibitor of activation of VEGF-C or VEGF-D. Inhibitors so identified 
merely inhibits the activation of VEGF-C or VEGF-D by plasmin, but do not otherwise affect 
the activity of plasmm on other substrates. While not wishing to be bound by any theory, it is 
believed that such mhibitors bind to VEGF-C or VEGF-D, thereby preventing the activation 
thereof by plasmin. 

[0025] The present mvention further provides a method of treatment, which method 
comprises administering to a patient in need thereof an effective amoimt of at least one 
inhibitor of plasmin. Preferably, the at least one mhibitor of VEGF-C or VEGF-D activation 
by plasmin does not other affect the activity of plasmm on other substrates. The inhibitor 
preferably is an antibody, or an immunologically active fragment thereof to VEGF-C or 
VEGF-D. 

[0026] The present invention additionally provides a method of treatment con:q>rising 
administering to a patient in need thereof an effective amount of plasmin for activation of 
VEGF-C or VEGF-D, or both. Also provided is a pharmaceutical con5K)sition for activating 
VEGF-C or VEGF-D or botti, the pharmaceutical composition conrprismg an effective 
amount of plasmin and a pharmaceutically acceptable exdpient Preferably, fho mettiod of 
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tceabneat comprises admimstering an effective amount of the phamiaceutical composition to 
a patient in need fhrereof Pieferably, the method uses an antibody or fragment thereol^ 
wherein said antibody or fragment thereof binds to at least one of VEGF-D or VEGF-C, and 
wherein said antibody or fragment thereof blocks plasmin from activating at least one of 
VEGF-D or VEGF-C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Figure 1 shows flie scintillation proximity assay, (a) Sequence of the peptide 
enconq)assing the site at which the VHD of VEGF-D is cleaved from the C-terminal 
propeptide (C-pro). In VEGF-D from 293 EBNA cells cleavage occurs between argmine 205 
and serine 206 (arrowhead) (Stacker, S. A., K- Stenvers, C. Caesar, A. Vitali, T. Domagala, E. 
Nice, S. Roufeil, R J. Sinq>son, R- Moritz, T. Kaipanen, K. Alitalo, and M. G Achen. 1999. 
Biosynthesis of vascular endothelial growth &ctor-D involves proteolytic processmg which 
generates non-covalent homodimers, J.BioL Chem. 274:32127-32136). Numbers above the 
amino acid sequence denote positions in human VEGF-D (Achen, M. G, M. Jeltsch, E. 
Kukk, T. Maidnen, A. Vitali, A. R Wilks, K. Alitalo, and S. A.Stacker. 1998, Vascular 
endotheKal growth fector D (VEGF-D) is a ligand for the tyrosine kinases VEGF receptor 2 
(Flk-1) and VEGF receptor 3 (Flt-4). Proc Natl. Acad ScL KM95:548-553). The C-terminal 
cysteine residue, not found in VEGF-D, fecilitated radiolabeling. (b) Principle of SPA. 
Black bars represent biotinylated (B), tritiated VEGF-D peptide that is treated with proteases, 
then bound to streptavidin conjugated scintillant beads prior to p-counting. SB denotes 
scintillant beads and open brackets denote streptavidm moieties conjugated to the beads, (c) 
SPAresxilts following treatment of VEGF-D peptide with proteases. Values are the average of 
three replicates ± one standard deviation and are representative of duplicate experiments. P 
values comparing plasmin- or thrombin-treated samples with negative control were calculated 
using Students' t test. Negative control is undigested peptide, (d) Mass spectrometric analysis 
of VEGF-D peptide before (upper panel) and after plasmin digestion Gower panel). Identity 
of the major peak in each panel is shown. 

[0028] Figure 2 shows proteolytic processing of VEGF-D by plasmin - Western blotting, 
(a) Analysis of human VEGF-D-FULL-N-FLAG (100 ng/lane) with anti-VHD antibody after 
digestion with 10, 1, 0.1 or 0 U/ml of plasmin. (b) a2-antiplasmin inhibition of plasmin. 
Plasmin (1 U/ml; 130 nM) was incubated with a range of a2-antiplasmin concentrations imor 
to addition of VEGF-D-FULL-N-FLAG and incubation at 37'*C for 1 hour. a2-antiplasmin: 
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plasmin molar ratios are shown above the blot (c) Analysis of mouse VEGF-D isofoims (100 
ng/lane). Mouse VEGF-D^^* (555) and VEGF-D^^^(32(J) were treated with 1 U/ml plasmin 
(+) or left undigested (-). Sizes of molecular weight markers in ]d)a are shown to the left of 
each panel. , 

[0029] Figure 3 shows that mature growth Actors generated by plasmin bind and cross- 
link receptors, (a) Binding to soluble receptors. Receptor-Ig fusion proteins containing the 
extracellular domains of human VEGFR-2 or VEGFR-3 were conjugated to protein-A 
sepharose and incubated with mature recombinant human VEGF-D as positive control 
(Mature), PBS as negative control, undigested and plasmin-digqsted full-length VEGF-D 
(Undigested and Digested, respectively). Upper, VEGER-2 binding; Lower, VEGFR-3 
bmding. Material bound to the receptor-Ig proteins was analyzed by Western blotting using 
an anti-VHD antibody. Flasmin-generated mature VEGF-D (-21 kDa) is apparent Sizes of 
molecular weight standards (kDa) are shown to the left (b) and (c) Analysis of recq)tor 
binding and cross-linking in BaF3 bioassays. Ba/F3 cells expressing chimeric receptors 
containing the extracellular domains of VEGFR-2 or VEGFR-3 and the cytoplasmic domain 
of EpoR were treated with plasmin-digested or undigested full-length VEGF-D (b) or VEGF- 
C (c). Upper panels: VEGFR-2/EpoR bioassays. Lower panels: VEGFR-3/EpoR bioassays. 
Controls were medium lacking growth factor (Medium) or plasmin digests lacking growth 
factor (Plasmin). Values are the average of duplicates ± one standard deviation and are 
representative of three experiments. P values comparing results of plasmin-digested with 
undigested noiaterial were calculated using Students' t test 

[00301 Figure 4 shows a Western blot analysis of mouse VEGF-D358 (100 ng) digested 
with varying amounts of plasmin or thrombin. Numbers at the top of each lane denote the 
units of protease included in each incubatioiL "C* denotes negative control for which 
proteases were omitted from the incubation. Numbers and arrows to the left denote 
molecular species of VEGF-D and those to the right the positions of molecular weig^ 
markers. 

[00311 Figure 5 shows both a VEGFR-2 bioassay (left) and a VEGER-3 bioassay (ri^t) 
with VEGF-C. Results with undigested fiill-length VEGF-C and material digested with 
plasmin are shown. VEGF-C was omitted to show the negative control. Values are the 
average of three repUcates ±\ standard deviation. P values for comparison of digested with 
undigested samples were calculated using Students t test 
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[0032] The present invention provides a method for activating VEGF-C or VEGF-D, or 
both, using the protease plasmin. Furthermore, assays are disclosed for idwtifying inhibitors 
and activators of the proteolytic processing of VEGF-D and VEGF-C. 

[0033] Previously, the protease(s) responsible for processing VEGF-D and VEGF-C were 
unknowTL For tiie first time the present inventors found that the serine protease plasmin 
cleaves uiq>rocessed and partially processed forms of VEGF-D and VEGF-C to generate the 
bioactive mature form thereof. In Exanq>le 2 below, tiie present inventors demonstrate in 
bioassays using both VEGFR-2 and VEGFR-3 that VEGF-C is likewise activated by plasmiiL 

[0034] This invention is the first disclosure that plasmin activates the lymphangiogenic 
growth fectors VEGF-C and VEGF-D. Plasmin is also known to modulate the ejQfects of the 
angiogenic protein VEGF. Plasmin cleaves some VEGF isofonns, releasing them firom the 
extracellular matrix or cell surface thus making them available for inducing angiogenesis 
OHouck, K. A., D. W. Leung, A. M. Rowland, J. Wmer, and N- Ferrara. 1992. Dual regulation 
of vascular endothelial growth factor bioavailability by genetic and proteolytic mechanisms. 
/. BioLChem. 267:26031-26037, PlouBt, J., F. Mom, S. BertagnoUi, N. Coldeboeuf; H. 
Mazatguil, S. Clamens, and E Bayard.1997. Extracellular cleavage of the vascular 
endothelial growth fictor lg9-amino acid form by urokinase is required for its mitogaiic 
effect X Biol Chem. 272:13390-13396). In a porcine model of cutaneous wound healing, 
lymphatic vessels were observed to q^pear CQncurrmtly with blood vessels (Paavonen et uL, 
2000. Vascular endothelial growth factor receptor-3 in lynq>hangiog^esis in wound healing. 
Am. J. Pathol. 156:1499-1504) suggesting that angiogenesis and lymphangiogenesis are co- 
ordinately regulated. As VEGF-C and VEGF-D are localized on vascular smooth muscle in 
adult tissues (Achen, M. G, R. A. Williams, M. P. Minekus, G E. Thornton, K. Stenvers, P. 
A. W. Rogers, F.Ledennan, S. Roufail, and S. A. Stacker. 2001. Localization of vascular 
endothelial growth fector-D in malignant melanoma suggests a role in tumor angiogenesis. /. 
PathoL 193:147-154, Partanen, T. A., L Arola, A. Saaristo, L. Jussila, A. Ora, M. Miettinen, 
S. A. Stacker, M. GAchen, and K. Alitalo. 2000. VEGF-C and VEGF-D expression in 
neuroendocrine cells and their receptor, VEGFR-3, in fenestrated blood vessels in human 
tissues. FASEB J. 14:2087-2096) and VEGF levels are elevated in cutaneous wounds (Yao, F., 
S. Visovatti, C. S. Johnson, M. Chen, J. Slama, A. Wenger, and Eriksson. E. 2001. Age and 
growth fectors in pordne fiill-thickness wound healing. Wound Repair Regen. 9:371-377), 
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these gro\yfh factors are available to co-oidinate angiogenesis and lyiophangiogenesis as a 
result of activation by plasmin during wound healing. Fuithennoie, plasmin degrades fibrin 
clots (Collen, D. and H. R. lijnen. 1991. Basic and clinical aspects of fibrinolysis and 
thrombolysis. Blood 78:3114-3124) and could therefine integrate fibrinolysis and vessel 
formation during wound healing. 

[0035] Analysis of VEGF-D firom mouse lung showed tiiat only some, not all, of flie 
VEGF-D was in the short ~21 kDa fully active fimn (Staclssr, et al, J. Biol. Chem. 
274:32127-32136, 1999). Accordingly, local administration of plasmin would increase 
VEGF-C or VEGF-D, or both (hereinaflier "VEGF-CJ/D") activity in vivo because extra 
plasmin would convert tiie remaining fiill-length and partially processed growth fector to tiie 
fuUy active form, thereby increasing flie total VECT-C or -D activity m tiie tissues. 

[0036] In a pref«red embodiment, Ihe present meOiod of activating VEGF-CWECff -D is 
used for the treatmoit of lyn^hedema. In lymphedema, tissues swell due to madequate 
lymphatic drainage as a result of damage to lymphatic vessels ot lymph nodes. It is known 
that increased VEGF-C activity {yia local delivery of VEGF-C protein) leads to growtii of 
lympatics in lymphedematous tissue that hel^s to resolve lynq>hedaiui (Szuba et al, FASEB 
1.16:1985-1987,2002). . 

[0037] VEGF-C and VEGF-D are known to induce angiogenesis (Byzova et al.. Blood 
99: 4434-4442, 2002; Cao et al, Pioc. Natl. Acad. Sd. USA 95: 14389-14394, 1998). 
Accordingly, local admmistration of plasmin to activate these molecules and drive blood 
vessel growth could be used for treatment of diseases, such as ischemia. 

[0038] Increased VEGF-C/D activity could be beneficial to induce rq)air of blood vessels 
to prevent restenosis after angioplasty perfonned on peripheral blood vessels or for treatment 
of coronary artery disease. Increased VEGF-C/D activity could also be beneficial to mduce 
repair of blood vessels to prevent stenosis following transplantation of blood vessels for e.g. 
cardiac bypass taetapy or for tceahnent of peripheral ischemia. Increased VEGF-C/D activity 
could further be benefidal to induce therapeutic angiogenesis or arteriogenesis for treatment 
of ischemic heart disease and otiier diseases of ischemia includmg peripheral tissue ischemia. 

[0039] Therefore, according to another embodiment of the present invention, plasmin 
activation of VEGF-C/D is inhibited using ligand-binding molecules that block interaction 
wifli ttie processing protease(s). According to the present invention, substances that can bind 
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VEGF-C/D can be used to block activation of tiiese growth factors. Tbese activation* 
blocking substances can be used to treat diseases such as cancer. Preferably, the cancers to 
be treated are those in which VEGF-C or VEGF-D induces tumor lymphangiogenesis that 
drives metastatic spread of tumor cells via the lymphatics (Stacks et al.. Nature Med. 7:186- 
191, 2001; Skobe et al. Nature Med. 7: 192-198, 2001; Mandriota et at, EMBO J. 20: 672- 
682, 2001). Therefore inhibition of these growth factors constitutes an anti-metastatic 
approach to cancer therapeutics. VEGF-C/D also induce tumor angiogenesis that stimulates 
growth of soUd tumors (Stacker et al. Nature Med. 7:186-191, 2001) so inhibition would be 
beneficial from this perspective also. 

[0040] Others diseases that can be treated by inhibition of VEGF-C/D include 
lymphangioma, lymphangiosarcoma, and diseases involving uncontrolled autogenesis stich 
as diabetic retinopathy and arthritis. Inhibition of VEGF-C/D can also prevent ocular 
neovascularization, which is characterized by invasion of new blood vessels into the 
structures of the eye such as the retina or cornea. It is the most common cause of blindness 
and is involved in approximately twenty eye diseases, such as diabetic retinopathy and 
advanced age-related macular degeneration. In advanced age-related macular degmeration, 
the associated visual problems are caused by an ingrowth of chorioidal capillaries through 
defects in Bruch*s membrane with proliferation of fibrovascular tissue beneath the retinal 
pigment epithelium. 

[0041] Preferably, an anti-VEGF-D antibody that blocked the binding of VEGF-D to 
VBGFR-2 and VEGFR-3 maybe administered to a patient in need of the inhibition of VEGF- 
C/D. In another embodiment, tiie soluble extracellular domain of VEGFR-3 may be used to 
sequester VEGF-C and VEGF-D, achieving an inhibition effect Studies in animal models 
showed that inhibiting the VEGFR-3 signaling pafliway blocked tumor lymphangiogenesis 
and metastasis via the lymphatics (Stacker, S. A., C. Caesar, M. E. Baldwin, G E. Thornton, 
R A. Williams, R Prevo, D. GJackson, S. -1. Nishikawa, H. Kubo, and M. G Achen, 2001. 
VEGF-D promotes the metastatic spread of tumor cells via the lymphatics. Nat Med. 7:186- 
191, He, Y., K. Kozaki, T. Kaipanen, K. Koshikawa, S. Yla-Herttuala, T. Takahashi, and K, 
Alitalo. 2002. Suppression of tumor lymphangiogenesis and lymph node metastasis by 
blocking vascular endothelial growth factor receptor 3 signaling. /. Natl Cancer Inst. 94:819- 
825). 
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[0042] Clinical studies revealed that expression of VEGP-D in breast, ovarian and 
colorectal cancer may be an independent prognostic indicator of survival associated with 
lymph node metastasis (Yokoyania, Y., D. S. Chamock-Jones, D. Licence, A. Yanaihara, J. 
M. Hastings, C. M, Holland, M. Emote, IVL Umemoto, T. Sakamoto, S. Sato, H. Mizunuma, 
and S. K. Smith. 2003. Vascular endothelial growth factor-D is an independent prognostic 
factor in epithelial ovarian carcmoma^r Cancer 88:237-244, White, J. D., R W. Hewett, 
D. Kosuge, T. McCuUoch, B. C. Enholm, J. Carmichael, and J. CMurray. 2002. Vascular 
endothelial growth factor-D expression is an independent prognostic marker for survival m 
colorectal carcinoma. Cancer Res. 62:1669-1675, Nakamura, Y, H. Yasuoka, M. Tsujimoto, 
Q. Yang, S. Imabun, M. Nakahara, K. Nakao, M.Nakamura, I. Mori, and K. Kakudo. 2003. 
Prognostic significance of vascular endothelial growth factor D in breast carcinoma with 
long-tenn follow-iq). Gin. Cancer Res. 9:716-721). Moreover, expression of 
lymphangiogenic growth factors promoted metastatic spread of tumor cells via the 
lymphatics in animal models (Stacker, S. A., C. Caesar, M. E. Baldwin, G E. Thomton, R. A. 
Wiffiams, R. Prevo, D. GJackson, S. -I. Nishikawa, H. Kubo, and M. G Achen. 2001. VEGF- 
D promotes the metastatic spread of tumor cells via the lymphatics. Nat Med. 7:186-191, 
Mandriota, S. J., L. Jussila, M. Jeltsch, A. Compagni, D. Baetens, R. Prevo, S. Banerji, J. 
Huarte, R. Montesano, D. G Jackson, L. iQrci, K. Alitalo, G Christofori, and M. S. Pepper. 
2001. Vascular endothelial growth factor-C-mediated lymphangiogenesis promotes tumor 
metastasis. EMBO J. 20:672-682, Skobe, M., T. Hawighorst, D. G Jackson, R. Prevo, L. 
Janes, P. Velasco, L. Riccardi, K. Alitalo, K. CisSsy, and M. Detmar. 2001. Induction of 
tumor lymphangiogenesis by VEGF-C promotes breast cancer metastasis. Nat. Med. 7:192- 
198). Plasmin and other members of the fibrinolytic system have also been associated with 
tumor growth and metastasis (for review see (Andreasen, P. A, R. Egelund, and H. H. 
PetCTsen. 2000. The plasminogen activation system in tumor growth, invasion, and 
metastasis. Cell Mol Life Sci. 57:25-40)) as shown in models in whidi the fibrinolytic 
system was manipulated. For example, overexpression of plasminogen activator inhibitor-2 
inhibited the metastasis of a human melanoma cell line to both the lymph nodes and the lung 
(Mueller, B. M., Y. B. Yu, and W. E. Laug. 1995. Overexpression of plasmiuogra activator 
inhibitor 2 in human melanoma cells inhibits spontaneous metastasis in scid/scid mice. Proc. 
Nad. Acad ScL USA. 92:205-209). Furthennore, plasminogen-nuU mice displayed fewer 
regional lynq)h node metastases tiian controls when transplanted with Lewis lung carcinoma 
(Bugge, T, H., K. W. Konibrinck, Q. Xiao, K. Hohnback, C. C. Daugherty, D. P. Witte, and J. 
LJ)egen. 1997. Growth and dissemmation of Lewis lung carcmoma in plasminogen-deficient 
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mice. Blood 90:4522-4531). A contributing factor und^lying these observations could be that 
do^ regulation of plasmin production leads to diminished tumor lyn:q>liangiogenesis and 
metastasis via the lymphatics. 

[0043] In a preferred embodiment, the activation blocking substance is an antibody 
against VEGF-C/D. 

[0044] In a further embodiment, methods are provided for screening for inhibitors that 
specifically block the action of plasmin on VEGF-C and VEGF-D. Inhibition of VEGF-CJ/D 
activation may be achieved by plasmin or other serine protease inhibitors. Plasmin, however, 
is known to cleave many other proteins, (including VEGF-A and fibrin clots). Thus a general 
plasmin inhibitor may not be very usefiil due to a potmtial wide range of side effects. In 
contrast, inhibitors that only block plasmin's capacity to activate VEGF-C and VEGF-D 
would be much more usefiil to specifically block tumor lymphangiogenesis and angiogenesis. 

[0045] The screening methods of the present invention identify such inhibitors. In one 
embodiment, such inhibitors may bind to VEGF-C/D, vAdch binding prevents the interaction 
with plasmin, leading to the inhibition of VEGF-C/D activation by plasmin, but not 
interfering with plasmin's c^adty to cleave proteins unrelated to VEGF-C/D, such as the 
remodeling of the provisional matrix. 

[0046] As used herein, the term **VEGF-D" collectively refers to vascular endothelial 
growth factor D, as well as fragments or analogs thereof which have the biological activity of 
VEGF-D as herein defined, and as known in tiie art. Examples of biological activity include, 
for example, receptor binding and endothelial cell proliferation. 

[0047] As used herein, the tern '"VEGF-C" collectively refers to vascular endothelial 
growth &ctor C, as well as fiagments or analogs thereof whicli have the biological activity of 
VEGF-C as herein defined, and as known in the art. Examples of biological activity include, 
for example, receptor binding and endothelial cell proliferation. 

[0048] As used herein, the tenn ""antibodies and firagmrats thereof includes any and all 
biologically active portions or complete antibodies, including but not limited to Fab, Fab2, 
Fscv, Fab*, etc. Desoiptions of antibody types and fi:agments thereof may be found in any 
immunology textbook, e.g., Paul, Fundamental Immunology. 
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EXAMPLES 

Example 1: Materials and Methods 

[0049] Peptide Labeling. One milligram of biotinylated peptide (Auspep, Paikville, 
Australia) in 200 jil of 200 mM 2-morpholmoethanesulfomc acid (MES), pH 6.0, was mixed 
with 455 fiCi of [^H]NethyImaleimide (NEM) in pentane ^eridn Ehner lifesciences, Boston, 
MA), and pentane ranoved under Nz. After incubation at room temperature (RT) for 10 min, 
50 of NEM in 200 mM MES, pH 6.0, was added and incubated for one hour at RT. A 
fiirther 500 of NEM in 200 mM MES, pH 6.0, was added and incubated for one hour at 
RT. Labelled peptide was separated fixm unincorporated label by cbromatogrsphy on 
Sephadex G-10 in 150 mM NaCL 

[0050] Purification of VEGF-C and VEGF-D. VEGF-C-FULL-N-FLAG or VEGF-D- 
FULL-N-FLAG (full-length human VEGF-C or VEGF-D tagged at the N-teraiinus with the 
FLAG octapeptide), VEGF-DANACFLAG (the VHD of human VEGF-D tagged at the N- 
tenninus wifli FLAG) (Stacker, S. A., K. Stenvers, C. Caesar, A. ^^tali, T. Domagala, E. Nice, 
S. Rou&il, R. J. Simpson, R. Moritz, T. Kaipanen, IL Alitalo, and M. G Achen. 1999. 
Biosynthesis of vascular radothelial growdi factor-D involves proteolytic processing which 
generates non-covalent homodimers. JSiol Chan. 274:32127-32136) and mouse VEGF- 
D326-FLAG and VEGF-D358-FLAG (full-length isofoims ta^ed at Ihe C-teimini with FLAG) 
(Baldwin, M. E., S. Rou&il, M. M. Halford, K. Alitalo, S. A. Stackei; and M. G Achen. 
2001. Multiple forms of mouse vascular endothelial growth factor-D are generated by RNA 
splicing and proteolysis. J. Biol Chem. 276:44307-44314) were purified fix>m the 
conditioned media of transfected 293EBNA cells as described. 

[0051] Protease Digests. Protease digestions were in 10 mM potassium phosphate bufiEer, 
pH 7.5,150 mM NaCl at 37" for one hour. Digests contained between 10 and 10^ U/ml of 
plasmin fix)m human serum (Calbiochem, San Di^o, CA). a2-antiplasmin (CalbiocbCTi) 
was incubated witli plasmin in PBS for 30 min at RT before addition of VEGF-D-FULL-N- 
FLAG and digestion at 3TC far one hour. Digests with tissue plasminogen activator 
(Calbiochem) contained 0.5 to SO kU/ml of enzyme. Scintillation proximity assays contained 
plasmin (0.1 U/ml), thrombin (0.1 U/ml), MMP-2 (5 mU/ml) or MMP-9 (9 mU/ml) 
(Calbiochem). 
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[0052] Scintillation Prvximity Assay. After incubation with proteases, 10* cpm of 
labelled biotinylated peptide was mixed wilii 200 mg of streptavidin scintillant beads 
(Amersham Biosciences, Uppsala, Sweden) in 10 mM potassium phosphate buffer, pH 6.0, at 
RT for 20 min, before p-counting. 

[0053] Western Blotting. After SDS-PAGB and transfe to membranes, proteins were 
probed with biotinylated antibody to the VHD of mouse VEGF-D (R&D Systems, 
Minneapolis, MN) and HRP-conjugated streptavidin (Zymed Laboratories, San Francisco, 
CA) and developed using chemiluminescence Q?ia:ce Biotechnology, Rockford, IL). 

[0054] Amino Add Sequencing. N-tenninal amino acid sequendng was with a biphasic 
NHE-terminal protein sequencer (Model G1005A, Agilent Technologies, Palo Alto, CA). 

[00551 Mass Spectrometry. Peptides were desalted using \iC\% ZipTips (MiUipore, 
Bedford, MA) and co-crystallized onto a 10x10 MALDI stainless steel sample plate (Applied 
Biosystems, Foster City, CA) with 2,5-dihydroxy benzoic acid matrix (Agilent Technologies) 
in 0.1% TFA/60% acetonitrile and dried for 10 min. Samples were analyzed on the o-MALDI 
QStar™ Pulsar mass spectrometer (/^plied Biosystems). Positive TOF MS was collected 
fiom 700 to 3000 Da for one muL 

[0056] Assays of Receptor Binding and Cross-linking. Binding assays witii VEGF-D- 
FULL-N-FLAG and soluble receptor-Ig fusion proteins containing tiie extracellular domains 
of human VEGFR-2 or VEGFR-3 and flie Fc portion of human IgG^ (Y. Gunji, Haarbnan 
histitute and K. Pajusola, Biotechnology histitate, Helsinki, respectively) were carried out as 
described previously as were bioassays with Ba/F3 cells and Uganda at 750 ng/ml (Achen et 
al., 1998, Proc. NatL Acad. Sd. USA 95: 548-553). 

Example 1: Ass(^ for VEGF-D Processing. 

[0057] To identify proteases that activate VECT-D, a scintillation proxnnity assay (SPA) 
was developed for monitoring cleavage of Ihe C-terminal propeptide fiom the VHD. The 
assay was based on the C-teiminal cleavage because this occurs at a angle site in VEGF-D 
whereas cleavage of the N-tenninal propeptide is more complex, occurring at two distinct 
sites (Stacker, et al., 1999, Biosynthesis of vascular endothelial growth factor-D involves proteolytic 
processing which generates non-covaleni homodimers, J. Biol. Chem.274:32127-32136). For the 
assay, a 17-mer peptide (containing residues 198 to 213 of human VBGF-D) spanning the C- 
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tenninal cleavage site of VEGF-D, was biotinylated at its N-tenmnus and radiolabeled at its 
C-tenninus 0?ig 1 a). The principle of the SPA is outlined in Figure 1 b.Afte 
treated with proteases, it is bound to streptavidin-conjugated beads impregnated with 
sdntillant. When the peptide is intact, the proximity of the radiolabel at the C-tmninus of the 
peptide to the scintillant in the beads is sufficient to generate detectable photons. In contrast, 
there is a dramatic reduction in counts detected when cleavage of the peptide has occurred 
because the radiolabel is no longer sufficiently close to the scintillant for photons to be 
generated. 

[0058] A range of proteases were tested in this assay, including plasmin, thrombin and 
matrix metalloproteinase-2 (MMP-2) and MMP-9. These proteases were chosen because of 
their involvoment in angiogenesis or tumor formation. MMP-2 and MMP-9 had no effect on 
the counts detected in the SPA, however, plasmin caused a greater than 90% reduction of 
signal, indicating substantial cleavage of the peptide (Fig. 1 c). Thrombm caused a small 
reduction of signal. To identify the site(s) at which plasmin hydrolysed the peptide, samples 
were analysed by mass pectrometry. Undigested peptide consisted of a single peak of 
molecular mass 2282.15, as expected (Fig. 1 d, iqjper panel). Following plasmin treatment, a 
predominant peak of molecular mass 1267.68 was observed, corresponding to Biotin- 
HPYSHRR (Fig. 1 d, lower panel). This molecular species is an expected product of 
cleavage of the peptide at the same site as observed in VEGF-D expressed in 293EBNA cells, 
Le. between R205 and S206 (Fig. 1 a) (Stacker et al, 1999, J. Biol Chem. 274:32127- 
32136). An alternative cleavage event generating Biotin-HPYSUR (molecular mass 
1111.59) was also detected. 

Example 2: Plasmin Processes VEGF-D. 

[0059] To establish if VEGF-D is a substrate for plasmin, this protease was incubated 
with ftill-length human VEGF-D (VEGF-D-FULL-N-FLAG) purified fiom the medium of 
transfected 293EBNA cells. A degree of proteolytic processing occurs in the medium of 
these cells resulting in VEGF-D preparations containing fiiU-length material (-50 kDa) and a 
partially processed form (--31 kDa) consisting of flie N-tCTminal propeptide and VHD OFi& 2 
a) (Stacker, S. A., K. Stenvers, C. Caesar, A. VitaU, T. Domagala, E. Nice, S. Roufeil, R. J. 
Simpson, R. Moritz, T. Karpanen, K. Alitalo, and M. G Achea. 1999. Biosynthesis of 
vascular endothelial growth factor-D involves proteolytic processing which generates non- 
covalent homodimers. J.BioL Chem. 274:32127-32136). After plasmin digestion, a single -21 
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IdDa band was detected by Western blotting (Fig. 2 a). This species cone^onds to ibs 
previously observed mature, fiiUy-piocessed finm of VE(F-D, suggesting that plasmin can 
cleave bolii fbs N- and C-tenninal propeptides ftom the VHD. N-tenninal amino acid 
sequencing of this -21 kDa species revealed two sequences, FAATFYDIE and VIDEE, 
indicating that cleavage of the N-tenninal propeptide was occurring at two sites. FAAIF 
(residues 89 to 93 of VEGF-D) represents the sequence identified as the N-terminus of the 
predominant form of fully processed, mature VEGF-D purified from the conditioned medium 
of 293EBNA cells. VIDEE (residues 101 to 105 of VEGF-D) represents an N-terminus that is 
located one residue towards the C-terminus con:q)ared with tifciat of the other form of mature 
VEGF-D (KVIDEE) detected in the medium of 293EBNA cells (Stacker, S. A.,X Stenvers, 
C. Caesaii A. Vitali, T. Domagala, E. Nice, S. Roufeil, R. J. Simpson, R. Moritz, T. Kaipanen, 
K. Alitalo, and M. G Adien. 1999. Biosynthesis of vascular endothelial growth fiactor-D 
involves proteolytic processing which generates non-covalent homodimers. J.Biol. Chem. 
274:32127-32136). Therefore, plasmin cleaves the N-tecminal propeptide fiwm the VHD at 
almost identical positions to those described previoudy. In contiast to plasmin, the serine 
proteases thrombin and tissue plaaninogen activator were unable to cleave the propeptides of 
human VEGF-D fix>m flie VHD (data not shown). 

[0060] The plasmin used in this study was purified fixMn human plasma. In order to 
eliminate the possibility tiiat the processing of VEGF-D observed was due to a contaminating 
activity in the plasmin preparation, a2-antiplasmin, a specific inhibitor of plasmin that forms 
an inactive 1:1 complex wifli this protease (Collen at al, 1991, Blood 78:3114-3124)), was 
incubated wifli the plasmin sample befiire digestion of VEGF-D. Analysis of resulting 
digestion products demonstrated conq>lete inhibition of digestion by a2-an%lasmin when 
included at a S-Mi molar excess to plasmin (Fig. 2 b). Thaefiae, tiie observed proteolytic 
processing of VEGF-D by the plasmin preparation used here was due to plasmin. 

[0061] Full-length mouse VEGF-D exists as two isoforms, VEGF-D326 and VEGF-Dass, 
that differ in the C-terminus of Ihe protein (Baldwm et aL, 2001, J. Biol. Chem. 276:44307- 
44314). Plasmin di^stion of the mouse VEGF-D isoforms was carried out to analyze tiie 
effect of the distinct C-teimini on proteolytic processmg. Plasmm ti^atment of both isofbnns 
produced a -21 kDa spedes containing the VHD, as fiir human VEGF-D, indicating ttiat this 
enzyme can fiilly process both isoforms (Fig. 2 c). 
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[0062] In order to establish if mature VEGF-D generated by plasmin binds VEGFR-2 and 
VEGFR-3 we carried out iimnuno precipitation studies using soluble receptor-lg fusion 
proteins containing the extracellular domains of VEGFR-2 or VEGFR-3 (Fig. 3 a). This 
revealed that tiie plasmin-generated mature forms bound to both VEGFR-2 and VEGFR-3 
extracellular domains. 

[0063] To conq)are flie c^adties of fall-length and plasmin-genfirated mature VEGF-D 
to bind and cross-link recq>tois at the cell sur&ce, bioassays were employed utilizing Ba/F3 
pre-B cells expressing chimacic receptors consisting of tiie extraceUular domains of human 
VEGFR-2 or VEGFR-3 and the transmembiane and cytoplasmic domains of the 
eryfliropoietin receptor (BpoR) (Stacker, et aL, 1999, A mutant form of vascular endothelial grmOh 
factm- (VEGF) that lacks VEGF Tec^tor-2 acSvaOon retains the ability to induce vascular 
permeabUity, J. Biol. Chem. 274:34884-34892; Achen, et aL, 2000, Monoclonal antibodies to 
vascular endothelial gmwOi factor-D blodc mtervctions wiOt bath VEGF rec^tor-2 and VEGF 
receptoT^S, Eur. J. Biochem. 267-.2505-2515). These cell lines are IL-3-dependent, however, 
signaling fiom the EpoR cytoplasmic domain, tiiat occurs v/fasssL the extracellular domains of 
the djimeric receptors are cross-linked by ligand, leads to cell survival and proliferation in 
the absmce of IL-3. These bioassays allow conq)ttti8on of receptor binding and cross-linking 
and were used to define the receptor interactions of a range of VEGFR-2 and VEGFR-3 
ligands (Achen, et al, 1998, Vascular endothdidl growOi factor D (VEGF-D) is a ligfmdfor the 
tyrosine kinases VEGF receptor 2 (Flk-1) and VEGF receptor 3 (Flt-4). Proc. Natl. Acad. Sci. USA 
95:548-553; Stacker, et aL, 1999, A mutant form cf vascular mdothdial growA factor (VEGF) that 
lacks VEGF rec^tor-2 activation retains the ability to induce vascular permeabUity, J. Biol. Chem. 
274:34884-34892; Achen, et aL. 2000, Monoclonal antibodies to vascular endothelial ^nnOhfactor- 
D Uock interat^ans with both VEGF reoeptar-2 and VEGF receptor-3, Eur. J. Biochem 267:2505- 
2515; Wise, et aL, 1999, Vascular endothdidl g^h factor (VEGF)-like protein from orf virus NZ2 
binds to VEGFR2 and neuropiUn-I, Ptoc. Natl. Acad Sci. USA 96:3071-3076). Cells were 
incubated with undigested or plasmin digested VEGF-D m the absence of II>3 and the 
proliferative response assessed by incorporation of [^H]tiiymidine into DNA. Cells 
expressing either the VECaFR-2 or VB(HfR-3 chimeric receptors, fliat were exposed to 
plasminrdigested VEGP-D, exhibited a much greater response than those treated with 
undigested protein (Fig. 3 b). Therefore, plasmin treatment genaates mature fijrms of VEGF- 
D that are much better able to bind and cross-link WBCSPRrl and VEGFR-3 at the ceU surface 
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tiian fuU-length material. Comparable tesults were observed with VEGF-C, (Fig. 3 c), 
indicating that plasmin activates both of the known lymphangiogenic growth &ctors. 

Example 5: Plasmin liberates mature VEGF-D 

[00641 The plasmid pEFBOS-SS-Myc-VEGF-Dasg-FLAQ encoding full-length mouse 
VEGF-D358 tagged at the N-tenninus with two Myc epitopes and at the C-temiinus with the 
FLAG octapeptide (Baldwin et al, J. Biol Chem., 47: 44307-44314, 2001), was used to 
transiently transfect 293EBNA cells using Fugene according to manufacturer's instructions. 
Mouse VEGF-D358 was purified fix>m the conditioned cell culture medium by afiGnity 
chromatography using anti-FLAG monoclonal antibody M2 (Sigma) according to the 
manufiujturer. Purified mouse VEGF-D (100 ng) was incubated with 0, 1x10"^, 1x10'^ 1x10"^ 
and 1x10"^ units of plasmin (Calbiochem) at 37^C for one hour in 10 mM potassium 
phosphate, 150 mM NaCl, pH 7.5. As control, mouse VEGF-D was incubated with zero, 
1x10"^, 1x10"^, 1x10"^ and 1x10'^ units of thrombin (Calbiochem) at 37*^C for one hour. 

[0065] The resulting material was analyzed by Western blot using biotinylated antibodies 
against the VHD of VEGF-D (R&D Systems) and streptavidin-horseradish p^xidase 
conjugate (Zymed). The results of tiie Western blot analysis are shown in Figure 4. The 
abundant bands in the control sample (i.e., sanq)le fliat was not incubated with protease; lane 
Q have been characterized previously (Stacker et al, J. Biol Chem. 274: 32127-32136, 
1999) and are as follows: the 56 kDa band is fuU-lengOi VEGF-D, the 48 kDa band consists 
of the VHD bound to the C-terminal propeptide, the 33 kDa species is the VHD bound to the 
N-tCTuinal propq>tide and the 21 Id^a band is the mature VEGF-D subunit Incubation witii 
plasmin profoundly altered the relative abundance of these species. When 1x10*^ imits of 
plasmin were included in the incubation, all species other that the mature form became 
virtually undetectable whereas the mature form (21 ]d)a) incxreased dramatically in abundance 
(Fig. 4, plasmin lane 10"^). 

[0066] This indicates that plasmin proteolytically released the VHD fiom fiiU-length 
mataial and both of the partially processed forms. This effect was dose-dependent as, in 
comparison to the result with 1x10*^ units, the VHD became less abundant and the other 
species more abundant with decreasing concentmtions of plasmin ^ig. 1, plasmin lanes 10'^ 
to 10'^). In contrast, the effect of thrombin was marginal at best, even at ttie highest 
concentration of enzyme (Fig. 1., Ihrombin lanes 10"^ to 10"^), These results demonstrate that 
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plasmin activates VEGF-D as it can liberate mature VEGF-D from mgnocessed and partially 
processed fonns. 

Exan^le 6: Assc^ for inhibitors of VEGF-D processing 

[0067] In order to establish an approach to screen for inhibitors of VEGF-D processmg 
we developed a scintillation proximity assay ("SPA'O to detect cleavage of Ihe C-tenninal 
propeptide of VEGF-D from the VHD. A peptide of the following amino acid sequence was 
synfliesized by standard methods, containing a biotin moiety (bio) at the N-tenninns: 

bio-ffis-Pro-iy-Ser-ne-ne-Arg-Arg-Ser-ne<jhi-De-Pr^ <SEQ ID NO: 1). 

[0068] Residues 1-16 of this peptide conespond to residues 198 to 213 of human VEGF- 
D (Achen et al, Prvc. Natl Acad. Set USA 95: 548-553, 1998) and cleavage of the VHD 
ftom the C-tetminal propeptide occurs immediately after the C-termmal arginine in the 
sequence of the peptide (Stacker et al., J. Biol Chem. 274: 32127-32136, 1999), The peptide 
was radiolabelled at the C-terminus by reaction with ethyl maleimide, N-[ettiyl-l,2-^ 
(Peridn Ehner) (Brown et al. Anal Biochem. 217: 139-147, 1994). 

[0069] Radiolabelled peptide was incubated with plasmin (zero, 0.001, 0.005 and 0.01 
units) (Calbiochem) or with thrombin (0.001, 0.005 and 0.01 units) (Calbiochem) in 10 mM 
potassium phosphate, 150 mM NaCl, pH 7.5, in a total volume of 10 jil in q)pendorf tubes at 
37'*C for one hour. Subsequently die products were mcubated with streptavidin-conjugated 
scintillant beads (Amersham Pharmacia) for 20 min in eppendorf tubes, and the entire 
reaction was transferred to a Unifilter .96-well plate and counted using a Topcount NXT 
Microplate sdndllation counter (Packard). 

[00701 The basis of the SPAis that Ihe radiolabel at the C-tenninus of the peptide is only 
detected by p-counting if it is in very close proximity to the scintillant in ttie beads. This, in 
turn, only occurs if the peptide is bound to a streptavidin moiety on a scintillant bead (via the 
N-terminal biotin moiety of the peptide) and if the peptide is still intact (i.e., if the C-terminal 
radiolabel has not been separated fiom the N-tenninal biotin moiety due to proteolysis). In 
contrast, proteolytic cleavage of the peptide ensures fliat the Oterminal radiolabel is not close 
enough to the scintillant in the bead to allow detection by p-counting. 
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[00711 In summary, proteolytic cleavage of the peptide at the site where the VHD of 
VEGF-D is cleaved from the C-terminal propeptide will result in a dramatic decrease in 
comits detected. The results of the assay carried out in the presence of various amounts of 
plasmin or thrombin are shown in Table 1 . Qearly, plasmin cleaved the radiolabelled peptide 
at all concentrations tested, as indicated by decreases in counts detected, whereas thrombin 
did not. These results are consistent with those observed by Western blot analysis previously 
discussed. 

[0072] The SPA described herein will be used for large-scale screening for inhibitors of 
ttie cleavage of the VHD of VEGF-D Scam the C-terminal propeptide. Examples of sudi 
inhibitors of interest in a screening method will be, for escaniple, snudl molecules, antibodies, 
or peptidomimetics. The assay, or method, will be used to identify inhibitors of plasmm or 
mbibitors of any other protease or proteases that are capable of carrying out this cleavage 
event 

[0073] The SPA was initially completed using C-terminal propeptide cleavage, however, 
this method and assay system may be slightly modified and will also be used to identify 
inhibitors of the cleavage of the VHD from ttie N-tetminal propeptide of VEGF-D. In 
addition, these methods may also be £^licable to other members of the VEGF family, such 
as, for exanq)le, VEGF-C. 

[0074] Table 1 shows the results of the scmtiUation proxunity assay for proteolysis at the 
junction of the VHD and C-tenninal propeptide of VEGF-D. 



TABLE 1 





None 


Plasmin (units) 


Thrombin (units) 






0.001 


0.005 


0.01 


0.001 


0.005 


0.01 


Counts/min 


9367 


414 


217 


118 


8331 


8984 


8924 



Exanq>le7: Plasmin activation of VEGF-C 

I007S] A bioassay for binding and cross-linking of VBGFR-2 and VEGFR-3 was 
developed in fhe interleiikinr3 (IL-3) dependent Ba/P3 pre-B cell line (see patent qiplications 
PCT/US95/16755 and PCT/US97/14696; Achen et oL (2000) Eur. J. Biochem. 267, 2505- 
2515; Stacker et al. (1999) J. Biol. Chem. 274: 34884-34892). In Ihe absaice of iL-3, Ba/F3 
cells die within 48hi8. Cell lines wexe derived from die Ba/F3 line expressing chimeric 
receptors consisting of the extracellular domain of VEGFR-2 or VEGPR-3 and the 
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transnLCTOibrane and cytoplasmic domams of the eiythropoietm receptor (EpoR). Cross- 
linking of tiie extracellular domains of the chimeric receptors by dimeric ligands (e.g. VEGF- 
C or VEGF-D) induces signaling via the cytoplasmic EpoR domain resulting m cell survival 
and proliferation. Therefore, activating ligands of VEGFR-2 and VEOPR-S promote survival 
of these cell lines in flie absence of IL-3. 

[0076] Human recombinant Ml-length VEGF-C, tagged at the N-tenninus with ttie 
FLAG octapeptide, was purified by anti-FIAG afGnity chromatography fix>m the conditioned 
culture medium of 293EBNA cells followmg transient transfection with plasmid pEFBOS-S- 
FLAG-hVEGF-C-FuU, a derivative of pEFBOS-S-FLAG (Stacker et aL(1999) J. Biol. Chem. 
274: 32127-32136) in which the coding region of FLAG-tagged full-length human VECT-C 
is under the control of the elongation factor-la gene promoter. VEGF-C was digested with 
plasmin JBcom human serum (1x10'^, Calbiochem) at 37X for one hour in PBS. 

[00771 The Ba/F3 cells expressing either the VEGFR-2/EpoR or VEGFR-3/I^R 
chimeric receptors were washed thrice in PBS, once in media lacking IL-3 and resuspended 
at a concentration of 7.4x10^ cells/ml m media lacking IL-3. Approxhnately 10,000 cells 
(135 ^l) were aliquotedAvell of a 96 well cell culture plate. To each well was added either 
250 ng of undigested full-length VEGF-C, 250 ng of plasmin-digested VEGF-C or a negative 
control consistmg of 15 ^1 of medium lacking IL-3. Following 48 hrs incubation at 37''C in 
10% CQ2 envuxmment, 1 jiCi of [^H] thymidine was added to each well, and the cells 
incubated for 4 hours. Cells were then harvested, and viability assayed by scintillation 
counting. 

[0078] Results are shown m Figure 5. Plasmin digesticm of VEGF-C resulted in a 
statistically significant increase in proliferation of both the VEGFR-2/Epo and VEGFR- 
3/EpoR lines. Plasmm, therefore, activates VEGF-^. 

Example 8: Blocking of Activation of VEGF-D and/or VEGF-C by Plasmin mth Antibodies 
to VEGF-D and/or Antibodies to VEGF-C 

[00791 Antibodies to foil and/or partial lengfli VEGF-D protein were generated by 
standard methods. Preliminary assays indicated that fliese antibodies blocked interaction 
between plasmin and VEGF-D protein. This result will be repeated with antibodies to fiiU 
and/or partial length VEGF-C. 
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Exaiiq>le 9: Pharmaceutical Compositions and Diagnostic Kits 

[0080] Inhibitors of plasmin and/or other actLvating proteases are combined with 
appropriate adjuvants to form a phannaceutically acceptable formulation. *Tatienf * includes 
humans and other mammals. 'Inhibitors" includes, but is not limited to, monoclonal 
antibodies, polyclonal antibodies, fragments of said antibodies, and other molecules which 
mhibit the vascular endothelial growth factor pathway. 

[0081] Diagnostic kits are also encompassed by the instant invention, including kits 
encompassuig a commercial embodimrat of at least one screening assay, which incorporate 
plasmin or other activating proteases or inhibitors thereof 

[0082] The foregoing description and examples have been set forfli merely to illustrate 
the invention and are not intraded to be limiting. Since modifications of the disclosed 
embodiments incorporating the spirit and substance of tiie invention may occur to persons 
skilled in the art, the invention should be construed broadly to include all variations fa lling 
within the scope of the appended claims and equivalents thereof 
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WE CLAIM: 

1. A method for activating at least one vascular endothelial growth fector 
selected from Ihe group consisting of VEGF-C and VEGF-D, conning treating said at least 
one vascular mdottielial gcowHi &ctor with a serine protease. 

2. A method acconiing to Claim 1, wherein the serine protease is plasmin. 

3. A method according to Claim 1, whraein said at least one vascular endothelial 
growth factor is in an unprocessed fonn or a partially processed form. 

4. A mefliod according to Claim 1, ^niieran said vascular endothelial growtti 
fiwtor is VEGF-D. 

5. A method according to Claim 1, whraem said vascular endothelial growth 
fector is VEGF-C. 

6. A method for screening for a protease that activates at least one of VEGF-C or 
VEGF-D, whKcin said VEGF-C or VEGF-D has at least one of a C-propeptide or an 
N-propeptide, the method comprising treating at least one of VEGF-C or VEGF-D with a 
candidate protease, and detecting VHD, wherein the detection of VHD indicates that the 
candidate protease is capable of activating VEGF-C or VEGF-D. 

7. A mefliod for screening for a protease that activates at least one of VECT-C or 
VEGF-D, using a synthetic peptide derived ftom VEGF-C or VEGF-D, the method 
comprising treating- said synthetic peptide with a candidate protease, and detecting cleavage 
of the VEGF-C or VEGF-D by said candidate protease using scintillation proximity assay. 

8. A mefliod for identifying inhibitors of activation of at least one VEGF-C or 
VEGF-D, the mefliod conqwising admixing at least one of VEGF-C or VEGF-D with a 
candidate substance and plasmin, and measuring inhibition of release of VHD from the at 
least one of VEGF-C or VEGF-D. 

9. A m^od according to Claim 8, fiirflier comprismg testing whether said 
candidate substance inhibits degradation of anoflier substrate of plasmin other flian VEGF-C 
or VEGF-D, wherdjy a substance fliat inhibits release of VHD by plasmin but not 
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degradation of the other substrate indicates that said substance is m inhibitor of activation of 
VBGF-CorVEGF-D. 

10. A mefliod for screoring far an inhibitor of plasmin activation of VEGF-C or 
VEGF-D, using a synthetic peptide derived fiom said VEGF-C or VEGF-D, flie method 
comprising treating said synthetic pq)tide witii a candidate inhibitor and plasmin and 
detecting lack of cleavage of tiie pqitide by plasmin in the presence of said candidate 
inhibitor using scintillation proximity assay. 

11. A method of treatment comprising administering to a patient in need tiirareof 
an effective amount of at least one inhibitor of plasmin. 

12. A method of treatment comprising administering to a patient in need thereof 
an effective amount of at least one inhibitor of VEGF-C or VEGF-D activation by plasmin. 

13. A method according to claim 12, whoein said at least one inhibitor is an 
antibody, or an immunologically active fragmait thereof, to VEGF-C or VEGF-D. 

14. A pharmaceutical composition for activating VEGF-C or VEGF-D or both, 
cranprising an effective amount of plasmin and a pharmaceutically accq>table exdpient 

15. A method of treatment comprismg administering an effective amount of tiie 
pharmaceutical composition of Claim 14 to a patient in need threreof. 

16. A pharmaceutical composition for inhibiting VEGF-C or VECT-D, or both, 
comprising an inhibitor of VEGF-C or VEGF-D activation by plasmin, and a 
pharmaceutically acceptable excipient 

17. A mefliod according to Claim 15, wberdn the inhibitor is an antibody or 
fragment tiieteof, wherein said antibody or fragment thereof Wnds to at least one of VEGF-D 
or VEGF-C, and wherein said antibody or fragment flieteof blocks plasmin from activating at 
least one of VEOF-D or VEGF-C. 
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